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JPRS: 17,296

PRODUCTION AND PROPERTIES OF SEMI-FINISHED TANTALUM

LFollowing is the translation of an article by Jiri Vacek
of the Resesrch Institute for Pomder Metallurgy, Vesteo/
Prague, in the German-language review Neus Hustte (New
Toundry), Vol,_ 2, No, 11, Leipsig, November 1957,

pages 592-70

Tantalum, 8 highly fusible metal of group V of the Periodic
Table, is an invaluable material in modern chealstry, electrotechnics,
vacuun techniques and many others because of its chemical, physical
and technologiosl chax ristics. Ductile tantalum was first pro-
duced by W, v, Bolten v by smelting of a emall occapacted blook of
pure powdered tantalum obtained by redustion of pctessium fluotanta-
late with sodium, in an electric-arc crucible under vacuum,

Due to the high cost by reason of the difficult method of pro=
duction and the small amounts, semi-finished tantalum was utilised
only very reluotantly. However, increased production «f s suitable
powdered tantalum, introduction of pomder-metallurgical tochniques
and better imowledge of the properties of tantalum heve aided in its
wider distribution, By 1955, produgtion of tantalum was almost
thirteen times as high as in 1939 Industrially, semi-finished
tantalum products are manufactured by _sintering bars of compacted
posdered tantalum under high vacuum /2-§/. Other production methods
of the oompacted metal are also kmown,

W, G, Burgers and J, C, M, Basart ,ﬁ_? have prepared duotile
tantalum in wire form through thermic decomposition of tantalum pen-
tachloride, supersublimated under vaouum, on a tantalum thread heated
to 2,000° ¢ under continuous vacuum in the apparatus, The suthors
obtained a deposition wire with a dismeter of 1,25 mm within five
hours, The wire was highly ductile and oould be drawn out into
threads of 25-50 u, without annealing,
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He & Hohansen ard S, A. llay [ ,37 reduced tantaelum pentache=
loride with magnesium at 750° C, They removved the impuritiss from
crude spongy tentalum by distillation at 9009 at 10~3 Torr within
four nours, The refined spoage was smelted down in the elactriceare
with a tungsten electrods in an argon en’ heliwm etmosphers, heduction
geve & yield of 77,5., 7The small tantelum vlock vosseszsed & hard
surface layar exd a soft core (Hle = 33), The material was suitable
for cold relling with & 10% reductiop jer nass and & totel pass reducs
tion of sbout €3, H, v, Zenpelin f9_/ hed slmo reduced tantelum
sente shlorlde »ith megnesiuwn in the vresence of potassium chloride
ené in & closed steel Carius t.ba more then ten years earlier,

Tantalum ctn also bg grepaérea by reauction of tantalum ene
tschloride with hvdrogsn This -rocess is used for tantalum
coating of olther metals but nct for production of the metal
for further processing.

“he utilization of tentslun is ocsed on its shyaical and
chem.cal properiies, Hhigh melidng point, low vapor point emd
electron=work function, together with ;cod mechanical propertiss und
primorily the sbility for gus sbsorption (Getter), meke tentelum
inveluable in wvacuum technics, The specific electric properties of
whe oi’de film formea by anodice caxiuation of tuntalum are utilized
in electrotechnics, In the ciuemical and yhernaceutic industry as
well es in medicine, tentalu: is a preferred materisl by reeson of its
hi-h resistsnce to meny different re&gents, good coudueiivity of heat,
end lov thecnel expersion,

Tantalun is utiliged {for the croduection of elaciica tubes for
very shert waves, in current-ir:uise tecnnics, for x-rg; tubes at
very high tension, current rectifiers end small electrolytic conden=-
sers, it is slso ugsed for spim:ing nogzles, {or varicus refrigera=
ting, he:sting, tna secondary sueem inctellation for &y ressive nedle,
(eaction tenks or ejltetors are costes w.in tantelun, In surgery,
tentalur 18 uged &s & bone substitute as vell es fur aur_ ical thread,
neaiites end instruments, .iore cetsils on the utilirzation of tentalus,
igelacing cogpounas of the latter, will Le found in literature
43, 4y 11=13/.

- Q4 We investigated the compaction of powdered
tantelum into small bers, the sintering of the latter under high
vecu, enc the forming of the sintered bars into sheots, baras end
#ire, For sintering, vacwun-sintering be.ls Wwere developed (one
laboratory bell and one fuli-scole tell) end & molybdemum vacuun
Surnace for amnealing. ‘



| Tabla ]l - Chemical Analysis of 3 Graces of Tantslum Powier in %,

Sxade Sxade
Isgucities I XX III_ Ispucities I & SENENE ¢ ¢ S

Nb 2.& 1008 '3.62 Pb - - Ooml
M‘ 0,011 00003 4 0,0027 not determined
Ca 0.007 0,004 3 0.169 not determined
Cu 0.%5 0.008 0.004 c 0.22 0.16 0012
T 0.11 0.042 0,0065 02 0,317 0425 0,37
Fe °ow9 0.018 000095 52 0.17% 0,15 0.10
Al - 0.01“ O.WB

The production of powdered tantalum which is cbtained generally
through redustion of potassium fluotantalate with sodium o potassium
ar through electrolysis of the given molten salt, was not undertaken,
The experiments were carried ocut with powdered tantalum with a loose
volume of 37 and a gegtled volume of 20,5 cm3/100g. Determined by
the Blsine method y its specific surface smounted to 2,510 cm3/g.
The powmder was goreened with a meghewidth of 0.075 mm without residue,
The other two grades of powder hai similar characteristics and
differed only somewhat in regard to content of impurities (Table 1),

- In the expsriments, the
volume weight, the specific eleotric resistance , the necessary mass
were cetermined in cependence on the compacting pressure in order to
be atle to compact bers of 5 x 5 x 100 mm3, ‘e know that pure
powmdered tantalum can be compacted relatively well, The compacting
pressures (4-12 ton/om2) guaranty adequate density of the oompacted
shapes s0 that we oan eliminate pre-sintering, This obviously reduces
production costs because pre-sintering also takes place under vacuum,
Moreover, the high pressure of compaction also increases the weight of
the bars. This means a higher weight in comparison to the semiefine
ished products which are produced from a sintered bar,

During the experiments, we noted that the volume required for
compection is almost twice as great when we use a pressure of 1,
instead of 2 ton/om2 (Fig. 1). The bars were compacted in a two-part
press of which the bottom was stetionary and the pressure was applied
to the ram, As shown in Fig, 2, the volume weight of the compaoted
bars incresses with increasing pressure of compaction, Simulteneocusly,
their eleoctriocsl resistence beccmes reduced as will be seen from Fig, 3,
Bars compacted at pressures of more than 3 ton,om2 and not pre-sintered,
oould b“o‘monod in the clamps of the sintering bell without dammaging J

“their Se -
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weight of compected
bar in g

specific ocompaction pressure in
ton/om2.

Figure 1 - Weights of Tantalum owder for Different Compaction
Pressures (5 x 5 x 100 m3),
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Figure 2 = Influsnce of Specific Compaction Pressure on Volume
Weight of Compacted Bars. -
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Tigure 3 = Dependence on Compection Pressure of Specifie Electrio
Resistence of Compected Bars,
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Figure 4 -~ Relation of Compaction Pressure and Spatial Volume
of Compacted Bara,



I If we calculate the ratio of volume weight of the formed bars —!
to the spatial volume and enter the latter, in dependance on the
prassure of compaction, in u double~logarithmic grid (Fig. 4), we aee
that the pressure squation of C, Agte and M, Peterdlik (17) is epplie
cable to tantalum over a wide range of pressure, We may judge by

the break in the ocurve that the ratio betwecen plastic und elastie
deformation changes in favor of pleatic deformetion at pressures over
5 ton/em2, The slops of the two parts of the cwve indicates that the
poxder is not soft,

1.2 -~ Sintearing ¢ One of the moast important processes in the produce
tion of semi-~finished tantalum products by powder-metallurgical
methods is the sintering of the compacted bars, Sintering of the

bars is intended to give thenm not only a high voluwe rate and high
density through optimum fusion of the individual grains but should
also remove impurities, especially gases, from the sintered bdars
through the action of the high tempersture. Optimum removal of gas
from tantalum can be cbtained only under high vaowum, Vaoumum in sin-
tering has two purposess it protects the materisl against the action
of practically all the gases with which tantalum reacts or which it
sbsorbs at moderate to high temperatures, The vacuumm must further
contribute to the remov:l of gases already conteined in the powdered
substance or created by reaction among the existing impurities, When
necessary, the vacuum must make possible the vaporisation of substances
with a lower melting point (and/or with higher vwapar pressure) than
tantalum, It is therefore indicated to work with & dinamic waguum,
i.,0, to constantly exhaust the equipment by pumping because, undor
static vacuum, the gases expelled may sgain he abscrbed by the sintered
bar after o « Morecver, the vaouum Wwould become lover and lower
in the course of temperature increase 8¢ that the removael of the gases
which is possible only at high temperatures, might take place only
under difficulties or perhape not a sll (ef, below),

Such rare gases as argon and helium carefully freed of other
goases end wapors could be used as protective atmosphere, They are
absorbed by tantalum only wvery little and their vresence causes only
mincr changes in the properties of the metal, Their purification is
complicated, however, snd would bring about a further inorease of the
high costs inherent in their utilisation, When we oonsicder the mean
free distance of path of the gas molecules as a funotion of atmospherio
pressure, it also becomes clesr that, when utilising rare gases as
protective atmosphere, the removal of gas from tantalum would take
place very much slower which would mean again an increass of cost dwe
to the longer durstion of sintering,.

- -
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sacd = sdntacin: Ingtalletiont e first constructed a leboratory
vaowam bell for sintering of tantelum (I'ig, 5). The installation
consists of the actuel bell, the vicwmm pump, the meesuring instruments,
and the electric current sowrce, (Only pert of the trsnsformers can
be seen at both sides of the picture). The sctusl sintsring bell

(Fig. 6) consists of welded steel plate with & water jacket &nd is
orovided with & visusl enerture to shich the measuring rine of & vecaum
meter is conneoted, The btell rests on ¢ cilver-coetec cteel plate
which conuucts current to the lower electroce., The upoer elesctrode
passes through the brse plate, is isclated from the letter, end cooled
with water, The lower electroede is cooled by redietion with the aid

of re¢iction jletes, is mobile, :nd counterweighted (Pig, 7)e 4&n
opening (Fige 7=8) is in the bise slete for conrectirg the wecuun

pump, 4 vEpOr cordenser hes heen placed in the opening in Tig. 7=b,

bell

: Fige 5 = Leboretory Installetion for High-Vacuum Sintering, J
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7ig, 7 ¢ = Electrudes in Tige 7 b ~ the same .'ith ber
: zintering Eell insertec

The pumd congist of & cingle-stege rotery vacuun sy with a
ce:ccity of 1% m3/hr anc ¢ three-stege oil-c iffusior veswm: pury with
& ca:ceity of 150 lit/sec,
o Tor meesurencnt of veewm In tre sinteled

bell, ‘e usec & tue lectric vucuum meter of the tyve .encribed by
e Fi% ema bo lenk ?la. The milliveltucter comblred with it has &
high internel resistunce, the cwirent was carefully stabilireu en¢ the
rectin: current for the filurent of the messuring tube cherged, Tiic
enlur-ed tre rurye of -ecsnrerent of the vecuvm reter for righer

.8-
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and lower pressures., In addition to & larger range of measurement,

this vacuum meter has the advantuge of continuous measurement of
vacuun,

The vacuum meter is calibrated for air by comparison to the
indicaticns of the abbreviated Mcleod meroury v.ouux meter, The
result is shown graphically in Figure 8, In calibrating the curve E,
a U-tube was connected betwesn the thermoelectric vacuum meter end
the bell, The walls of the tube were sprayed with phosphorous oxide
supersublimated under vecuun, The tube was cooled from the exterior
by & mixture of four parts of nitric acid, five parts of armoniwm
nitrate end eight parts of scdium sulphate. .The temperature of the
nixture veried between =31 to =35°C, Moleod's vecwun meter was
connected directly to the bell end measures only the pressure ¢f the
permenent gases, However, the vapcrs of such liguidse ss water and oil
ocondense in a canmpressicn capillary so that they escsre measurement,
The bell wae pumped out for two hours, The pump was then stopped,
atmospheric air was gradually admitted into the system and the
pressure in the system measured,

neasuring-tube
voltage in aVv

prauuro‘in Torr

Figure 8 = Dependence of Hessuring=Tube Tension of Thermoelectric
Vscuum Keter

ifter termination of the experiment, the U-tube was removed,
the bell left open for ten mirutes, closed sgain end the veouum
megsured during pumping. The curve A from the values cbtained indi-
cates the extent to which the Mcleod vacuum meter distorts the valus
of the true vacwun, The space between the two curves corresponds to
the pressure of the water vapor,

de2d_= Napsurazant of Tesperatunes When centering e highly fusible
metal such s tantalum, temperature ocsnnot be messured with a
therroelement but & pyrameter with decreasing filament must be utilind.

— ._..J
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Consequently, reading of the true tempersture is diffiocult. "he
visual aperture becomes coated with a thin film of the metal, reducing
optical transperency ard Jcistorting the indicetions of the pyrometer,
Moreover, the refleotion of the tantalum surfuce chunges dwring
centering, For better underatanding of the explanations below, we
have given an explsnetion for some charscteristics of tempersiure:

tg ¥ actusl temperature of the surfece of the tantelum (°C);

t_ < apparent temperature which would be meesured by the opticsl
rrrometer 1f no lighteabsorbing mocium existed between pyrometer
and tantalum bar (

t_ = temperature messured by the pyrometer after light abuorption
through the visusl aperture,

The absorption of radistion through the visual aperturs wes
vetermined by inserting & simllar analogous gless beiween the pyroe
meter and the visusl aperture at cifferent temperatures, TFor given
tenperctures of ¢ , we thus obteired correction velues coxresponding
to abscrption redlation of the visusl sueriure, Ly adding
these vslues, iie can celculute the apparent temperature t . The rela-
tion obesrved is represented in Tiy, 9 (curve A}, The bar wag
mainteined et 7,400 for ten minutes, A4fter cocling, a clsan glease
wag inserted en. tha ber brunght cgain to 7,400%, The terpaerature
was nrasured both oply with the cleen gleas in the visuul aperture
as woll as with the one previcusly utilized (ten minutes at 2,400°C)
which wes ingerted betwsen the pyrometer snd the clean glass, The
ecorrection value was slightly higher, due to a slight sont covering
of the glase inserted (point B in Fig. 9).

W{‘
W
Figure 9 « Correotion of [ 43

Pyroneter Indlcaticns for ¥ |
(bservstion Glass Utu.ind.:,ﬁ -

b %”M

”P'A'.o'l""

e

messured tsoperaturs ?‘n in °C.

-10-



spparently stsorption increase due to the radiation on the
visusl aperture at a sintering duration to end temperature becsuse the
gleass will hecoms covered by en increasingly thicker covering of
impurities, This coulé be demonstrated, The bar has melted after
9) minutes if it wes kept at the temperature of 2,400°C as mesmured
by the pyrometer, The temperature messurement became lower, howaver,
due to the greater absorption of the rodiation, The cwrent was
consequently incressed snd the bar melted although the measured tenm~
perature smounted vreswably to 7,400°C, In &1l experiments, we
therefore controlled the temperature with the pyrometer ami maintéined
it at the selaocted temierature according to the current, The correc-
tions were determined with the glass whioh indicated 2,400°C in the -
visusl aperture for 240 minutes when heeting the tentalum bar. After
replacing this glass in the visuel aperture by & clean glass, it was
inserted betwesn the pyrometor end the clean glass at siven measured
temperatures (t‘) when hesting the tantalum bar. The depencence
ocbtained 1is represented by curve C in Fig. 9. It will be noted
that absorption by the contarinated glass is slmost four times greater
ot t, ¥ 2,4,000 C,

Some of the tantslum bars were melted, Lt the moment of
relting, we can determined the differsnce between the actual ani the
apparent temperature, if we knowi the mltinﬁ peint exactly, The mean
value of the apperent tempersture was 2,5 « From the equaticn

l l - 2" Pg E M
in whioh T. 2 getual melting point of tantalum, ‘3,2‘73°K; Ty » epparent
melting point of tantalum, 2,911%; B ) = partisl redistion ebility
st wave length l 3 ¢3 ® constent of the iien law, 14,350/ucK, the

cartial redietion ability B ;\ = 0,556 wae calculated on the sssump-

tion of comstency ( % = comste = 0.65/u) of the weve length indicae
ting the maximum permeability of the red filter of. the gptical pyro-
meter, For this partial recietion abllity, velued of the actual
tempersture in the renge of 2,300-2,700° C of the apparent tempersture
were cslculated on the assumption thet the partial radistion ability
is constant within this range, The difference of the two temperatures

i
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| in dependence on apperent tamperature 1s represented grephically in
Figure 10, This lineer dependence is that much more accurate, the
closer the temperature is to the melting point,

» !
~ -
< |
-+
‘ H
z # |
|
o/ 2R )

Lol w
Figure 10 « Kelation of True Tempersture ta to apparent Tempersture tz

(tantelum, partical redistion cenebility B2 ¥ 0.556 =
const,

b= For the sintering experi-
monte, we utilized bers of 5 x 5 x 100 mn3 compacted et pressures of
6 and 17 ton/cm2, The compacted burs were not presintered, In the
first experimental series, a new compacted bar was used for each
sulected temperaturs, In the second experimental series, the bar was
si.ntered in stages, It was first brought to the lowest selacted
tompereture, permitted to ococol, removed from the ber, and its values
moasured, The bar was then again inserted in the bell anc brought to
the next highest selected temperature and the procedurs continued
until reaching the highest selected tempnereture, No difference was
determined between the twe experimental series. The temperature was
increased as a function of the vaowum, i.,e, only after the vacuum
moter indicated the selected value, At selected temperztures, the
bar was always heated 5 minutes,

The volume weight, the linesr sirinkage (length), the hardness
HV10, and the specific electric resistence wers measured on the sinter-
o bars, The results are graphically represented in Figure 1l for
bers compacted at 6 ton/em2 and in Fig. 12 for bars compacted at
2 ton/cm2, Practically, there was no diflerence between the bars,

l -



| hocording to the findings, the volume weight (after a slight drop
initially) inoreases with inorensing sintering temperzture, linear
loss also increases end specific electric resistence drops, The
trace of the curve is customery in powder metallurgy for the indica-
ted relations and entirely comprehensible, The dependence of herdness
on sintering temuyerature is lesa cleer because harcdness rsaches a
maximum in the range of the measured temperstures from lm800-7,200° C,
This uepencerce cbviocusly is related clcsely to the fect thet tantalum
has 3he highest atsorption of zas (Getter) at temperatures about
1800° € and looses the absorbed geses only sbove 2,200° C [237

{ (4

4
i
2 —
> measured temperature t in °C,
Figure 11 - Sintering of bars compacted ® with 6 ton/om2 at

- different temperatures,
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The trac all ourves agrees with the obeservations of Mamula
and the suthor acoording to which hydrogen is expelled in the
range from 600-1200°C, carbon moncxide from 1,700-2,000°C, snd
nitrogen from 1,900-2,400°C,

By sintering a bar in steges, it wus possible to determine the
weight loss oreated by vaporisation or expulsion of the substances
from the bar during sintering, The findings for bars compacted under
pressures of 6 and 12 tons/em? from powdered tamtalum I are represented
graphlcsally in Figura 13 which indicates that the losses rapidly
increeass above 1,700°C, These relatively high losses cannot be
caused by the vaporization of impurities, In that caese, the loases
would amount to sbout 2,48% which acrresponds to the total volume of
itspurities inoluding columbium, decressed by the volume of impurities
inclucing nicbium remeining in the sintersd bar (of. Table 1 and 3)¢
Nor can such high losses of weight occur even we inoclude also the
vaporization of the tantalum, in additi o the veporisstion of the
impurities, JAocording to eeloulation, ? thes vaporized volume
should be 0,0087 g within 5 minutes when vaporizetion is not inter-
fered with and the pressure of the tantalum vapors amounts to 10-4
Torr end 2,60000; and should be about 10 times greater at 2,8000C,
FEeceuse the losses mount up to § %, the ceuse muet be sought in the
fact that the fine perticles of tantalum are entrained by the expelled
impurities or, possibly, that tantalum becomes losat in the form of
compounds,

It is reasonsble to assume entrainment of the particles of
tentalum because the sintered bars have & rough surface on the one
bhand and the losses are smaller in bars compacted under higher praas-
sure on the other hand end also because the deposition in the bell
contains predominantely tantalum (Table 2),

Wﬁﬁmﬁ.ﬁémm For these experiments,
the bars were again compacted at & and 12 tons/em2., By sintering to

terminal tempersture selected as 2,4000C on the basis of the prece-
ding experiments, the bars were maintained 5-120 minutes at this
tempersture. After sintering, we cetermined the values of the same
characteristics as in the preceding experinents, The results are
represented graphically in Fig. 14 end 15, The findings show that the
specific eleotric resistance drops initially under ocontinuous exposure,
but remains praotically constent after 45 minutes, The case is
analogous for hardneas. Hotever, under long oontinued exposure to
terminal tempersture, volume weight and linesr loss increase slightly,
After 45 minutes, the values sgain remain practiocally oonstent,

- -
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F" Figure 14 - Influence
specifioc of sintering duration
electric at 2,400°C on apeoific
resistance . olectric resistance of

) sintered bars,

.
|
ool

3 3

» o

compaction presaure

o 5L/ |
St 27N

volume weight "

loL ,
Y F A o o n ™m
R sintering duration
'..!‘ime 15 = Influence of sintering durstion at 2,400°C on some _l
properties of sintered bars,
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ali, sipbered terg deca howesrea poto sods of L, oo i Jiescter
in he cold stzte, withent interme.lste sanenling, "hey wera assy
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1 to rotary vacuum pump

Figure 17 - Apparatus for Spectrun Analysis of Gasea,

-

19 -



I Figure 17 shows the diagram of an instsllstion of glass cone
oisting of a discherge tube & with molybdenum electrades a end b,
measuring tube of the thermoelectris vacuum meter C, the resetion
retorts B, D, H anc the stop-cooks E, F, G¢ The installation servea
to produce pure gases from absolute reactions, fer purposes of compari-
son, The gasas drawn from the bell with the diffuslon vacuum punp
dre Gried snd their pressurs is reguleted so that the speoira can be
determined under enalogcus conditions, TFor these experiments, we
utilized the "spektral=box" of the N'uess Jompeny whioh slso péermits
visusl observation, With the aid of s lateral chbjective, the comisrie
son spectrum of meroury was photographed (mereury lemp), It was
experimentally confirmed thet, during sintering of tantalum, hydrogen,
carbon monoxide end nitrogen ere dissolved in the following tempera«
ture ranges: Hydrogen, t s 600=1,2179C; carbon monoxida, t s 1,726

2,029°¢; nitrogen, t, - 1,928-2,4329C, Detailed data on spsctrum
analyeis of the sxhausted gases will te found in [1&7.

asgl s dncreass of Isgperatule during Sinteringi In order to determine
optimum increase of temperaturs during sintering, ex:sriments were
carried out, In the first experimental series, temperature was
inoreased in different intervals of time, e,g. by 100°C every ten
minutes or every five minutes, In both oceses, vacuum during sintering
wees sGequate (5 x 10% Torr), 1.9, the pump was capehls of exhausting
the gases at each stage, lowever, when lncresaing tempersture by
L00°C every 2,5 minutes, it was shown thet the speed of increass was
%00 high in the reange from 1,700-1,200°C snd menifested itsglf by sn
inadequate vecum (Fig. 18), In the range from 1,20041,600.C, the
speed of increease was too low on the other hand, This shows that it is
not adventageous to incresse the tempersture uniformiy in proportion
“0 time,

If the tempersture was raised after e oreviocusly determined
veoun (mindimum 103 Torr), it was possible to acourstely determine
“he end of cegassing in the different sintering ateges which were
noted with the sid of spectrum analysis of the exhausted gases, This
vrevented us from obtaining unnecessarily low temperatures in the
ranges in which cegessing did not occur or was already terminated,
“he econcmic edventages of the method ere spparent, It wes shown
fur;hor that it is not necessary to maintain a high vecuun (minimm
10°7 Torrj during the entire prooess of eintering. It is sufficient
%0 exheust the installation only with the rotary vicuum pump, t0
admit the current, and to begin simultanecusly to warm wp the diffu-
sion vacuum pump, After dissolution of the moisture, primarily the

!
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| hydrogen, the vacuur drops, 7The greater uert of the hyircgen is I
removed by the rotery vucuum pump smd’ the remainder, at about 1,000%,
with the diffusion vacuum pump which has warmed up in the meantime,

The vacuum then incresses from 1 x 10~3 Torr to 5 x 10 Torr and

must be mainteineu at that point until sintering is completed (Fig, 19),
This method of sintering is a gusranty for economic cperation and
uniforn characteristics of the bars,
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FPigure 70 « "jerostructure of cintered Lar, etched iI' £ T,
The woluwmg velght of the sinterec here per 100 werc lsy

between 15,7=15.% g/om3, specific clectric resistance betveen J.15 cad

2,18 Jhm/mr2/m o hier.ness vet.een 0-30 HVi4s he stimcture of &

sin.ered ber will Le seen in 'ig, 70. The luttice congtent ha. & mean

vilue of 3,799 £/ = 0,062 § in limits from 3,294 to 3,304 §

(Cu}f.a reys, reflection, 411). *“itnout careeling, we rolisu from the

zinterad bars sheets of 9,10 mm ineluding feil of 12/u sna arsw ire
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r:f 0,15 mm, The chemical composition of such a sheet is shown in
Table 3.

Tahla 3 - Chegical Compoaitdon of Tantalom Sheatms

—dNRurity . —tt
eolumbivm 1.7%
axygen 0.01
hydrogen 0,006
nitrogen
siliocium 0.0018

( sulphur
copper, iron -

titepivm, alkeld )

+1

S

| #1gare 21 = Disgren of full-sosle Veowm Sintering Bell.

-23-



[ ‘—‘

dag2f - Eull-scale Vacuun lostalletions On the basis of the experience

- ¢-1md, operationel sintering bells were designed and & cisgram of
one of Lhe latter is shown ip Fig. 2., Here bLoth electrodss are
watarproof because otherwise the rediition panels end foil bundles
utilized in laboratory equipmenti would form far too larce & surfece
in the bell which would be unfevorable from the point of view of the
vacuun, Furthermors, the dimenaions of the bell would become too
large, The lawer sleetrode 1is designed as u horisontal lever,
pivots around its axls and is arranged cutside of the veacuum space,
The lever 1s sealed against leakage by a flexible metal hose, Elec-
tric current is supplied by & bundle of oopper foil. Ths elaectrode
has an edjustable counterweight,

The bell itaelf is constructed of welded sheat aiuminum and
conglats of two parts with water jackets, The upper pzrt can be
raised by means of an electric motor, It is provided with a tube
and a gquarts windov which is protected ageinst contamination by
soot and against radiation by & metal mesk which is operated from the
exterior by & magnet, The exhaust line of the diffusion vecuum pump
is velded to the lower part with a conxienser connected in the line
between bell and condenser. A& tap for the messuring tube of the
vacuur moter is also provided, The closure consists of & plate
through which the upper electrode projects,

The pumping device conasists of a four-stage diffusisn vacuum
punp with a oapecity of 1,000 1lit, a rotary vecuum pump with a
capacity of 30 m2/h and @ vaouum stop valve.in the range of the low
vecuum, The entire installation (except the top pert of the bell) is
enclogsed in the seme housing end all devices are operated {ram the
axtericr (fige 22),

2_~Forming of Sintered Lergs :hen thoe sintered tantalum is adequately
free of gas and impurities, it becomes ductiles i,e. further proceasing
posea no particular difficulties, To a certein extent, this compen=
sates for the difficulties of sintering under high vacuum., On the
basis of different chsracteristios, it is possible to juGge the
ductility of the metal efter it has bLeer sintered, If the specifio
electric resigtance of 0.30 Ohm/mm2/m is exoeeded, this is due either
to unsatisfectory sintering or the pruenco of impuritioa. it is
therefore necessary to determine the vclume weight of the baxr; if

this exceeds 14,5 g/om3 (Fig, 23), the high velue of apecific electric
resistence is most probably caused by #Ampurities, This can be
chacked v messurement of hardness which should not exceed 100 units
H\Tm for satisfectorily mallestle sintered bars,
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r:f 0,15 mm, The chemical composition of such a sheet 1s shown in
Table 3,

Table 3 - Chepical Compoaitdon of Tantalum Sheatss

~IRRNEY —temt
colunbim 1.79
oxygen 0.0
hydrogen 0.006
nitrogen
siliocium 0.0018

( sulphur
copper, iron -

titanium, allksld )

N |
-

,._,_;.g
-

\ o
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L-’mg 21 = Disgream &f full-scsle Vecuun Sintering Bell,
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Figure 22 - Overall View of 0,eratfs.onnl Vacuum Sintering Bell,
B o -
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| Figure 23 - Relation of Volunme ieight to Jpevific Llectric Lesistance
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all types of forming cpersticns teke place et nornmal temperas
ture, »s alresdy nentioned, the sintered bars cen be foarmed without
ennealing, However, it ie customery in crectlce to carry cut inters
moci8te ennealing, elso designated s re-gintering beosuse it is
serforred unuer the seme concitions &8 sintering, Such :e-sintering
i1y wiventageous tecause eventuel reaidual geses &re removed and
bucuuse it seves wear and tear on the forming mechines end/or the
pur:s directly involved in forming, Torming oseretions pursue two
purnosess

& to eliminate the remeining pores (about 10%) in the osreliminery
stavet (together with re-sintering);

b to yive the desired form to the material auring the furthe:
stages of the forming cperation,

T or experimental production of sheets, the nonegintered ends
wore cut off; the bars were tnen formed into flet shepes &nd subse=
quently §e-aintered for 30 minutes et 2,400°C in & vecum higher
then 10°7 Torr, e exnerimented with flettening these sirtered bars
N.th & compressed~air hammer, in & power rress, or in a rolling mill,

Torming “ith the comoressed-air hammer is the least edventicieous
bocruse the materisl receives uneven ecges which muat e cut off, <thus
cnusing increasec waste, Torming of the birs in e hydreulic press is
mere aovantageous bLecause the ters are formed x.th -erfectly straliht
eiges, cnly e little nerrover et the ends, >ince they cannot be
fermes to the originel length Lecsuae the non-gintered ¢ngs were
ronoved, it is necessary to clienge the electroce gap wuring re-sintere
irg enc to utilize high s ecific ;ressures (about [0 ton/ens for a
degree ¢f forming of L0=50%), The bar cezn also be rolied; thae odgeg
ere straight up to the ends &nc with the pass recuct.on of 45 1o 53,
we 2zain obtein the originel length for the flat bar, .cuever, in
this cese the width (erlergement) 4s lc7, It is therefore sdvantazecus
to stamp flet bars for sheets,

Through forming, volume weight, hirdness, snd ssecific clecirlc
resistende inorease proportiontl to the degree of forming, snnecling
f.artser inoreases volume weigiit tut herdness enc specific clectric
ras.snence crop, The degree of forming hes no basie inlluence cn the
quality of the sintered bars nor on the quality of the sheets croauced
frea them in whioh cnly the tensile stren:th 1s somewhat incresased
Witn inoreasing cegres of forming.

"he annealed enc flettcned bars ~ere coldaerolied with a
gacrease in height per vess of 4-3%, depencing on the width of the
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material and the rolling equipment utilized, The amount of pass
redustion csn be selected in proportion to width of the meterial,
even in a low-povered rolling installation, During rclling, the
sheets are lubricated with light minerel oil but thin sheets and
shests Guring the final pass sre lubricated with linseed oill, Karrow
bands from wires or rorged rods ere sdvantageous for rclling becauss
the edges become perfectly smooth,

For the experimental produoction of wire, the non-aintered
encs were removed and the bars were forged into rods in the ecld
atate, The desrease in cross-section, related to one hammer Jjaw, was
up to L8F during the experiments but it vas then difficult to feed the
bar to be forged into the hammering machine, We therefore used
graduated jewe so that s decrease of cross section, reletec to one
jew, of 16-20% resulted for an aversge hamuering machine end of
20-305 for & continuous (small) hemrering machine, The hamrered
Ttars were anneeled &t & total cecresze of cress section of ebout
LOF es described mbove, Generally of a ciameter of 1.5 mm, the
hemniared bars were then dravwn out to & ciameter of 0,02 mm in metal
vleas or to a clameter of 0,150 mm with dlamena dies, without re-sinter-
ing. Tecreese of crosa section in one drew smounted to about 11,5%
with motel dies end €7 with diamonc ciee,

Vire draving is much nmore ¢ifficult than rclling of sheets,
Tantalum easily acheres to the drawing dles and is cifficult to
lubricete, Fecause of the very minor densificetion by drawing, the
letter muet he resirictéd to short stretches, In orcer to meke the
lubricant adhere to the tantelum wire, it is sbsolutely necessery to
oxidize the wire surfuce. This cen be done by a shart intervel of
heeting et 500-600°C in the eir or prefucsbly by ancdic cxidation in
1L sulphuric acié or sodium-sulphate solution, The most suiteble
color of the oxide film is purple steel-blue, iith thicker wires, it
is edventegeous to re-oxidize efter each arew and, for thinner wire,
after two or three draws., ithen using diemond dies, the residual oxide
costing after drewing with metel dies is sufficient for nire Giamond
Gies, Sulteble lubricents ere Leeswsx, an emulsion of tellow an: soap,
colloicel graphite (relatively unsuitatle), or en emulsion cf tallow
snd soap with the addition of col oidal graphite &nd turventine, ile
teated ell these lubricants end all were satisfactory, except collaidel
gravhite, Becsuce the tests were cerried ocut under semi-cperational
conditions, it was not yet .cesible to determine which of these lubri-
cants best preserves the drawing dies,

3~ .agte Fecoveryy In the menwfecture of semi-finighel products,

waste occurs, Since the latter ia generally ductile, it cannot be
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simply orushed and ground to powder and must first Ls made brittle,
Tantalun 4is therefare exposed to hydrogen et incressed temperature,
Hydrogen dissolves in the tentelum end the latter beccmes brittle end
friable, Whether this produces tantalum hydride, hes not yet been
definitely determined,

For the hydrogenation of the tantelum waste, electrolytic
hydrogen was purified in the customsry menner snd brought in contact
with & titenium sponge heated to 800-850°C; it then entered the stove
pipg (autoclave?) with the tentalum weste which had been heated to
450°C, The waste was cocled after 3 hours, removed from the suto=
cleve, crushed and grounc in a ball mill, The resulting powder was
leached with hydrochlorioc acid to remove iron (from friction in the
nill) end washed first with water and then with methyl elcohol. The
washed powder was dried under vacuum at 60°C; it conteined 0,3%
hydrogen, and x-rays shcwed no other structural component, The
lattice was very extensive and hed & conctant of 3,411 £ / = 0.002 Q.

.The hydrogenated tantelum powder was mixed #ith fresh powder
compacted into bars sintered by standard procedure end processed in{o
sheet or wire. The semi-finished products were excellent, Unless the
mixture contained more than 50% of regenerated powder, no difficulties
were encountered, However, difficulties alresdy began when oompacting
the mixture with a higher percentege of regenersted powder, Wire
produced from such & mixture cracked,

= 5 j Exgerimentally
observed properties hed the following average valuess
Voluma weight, 15.2 g/om3; specific elactric
resistance, 0.121 Chm/mm2/m; hardness, 82 AVy,; tensile strength,
55 kg/mm2; elongatiom to rupture, 1.7 %,
' $ Volume weight, 16,55

cm3; specific eleotric resistance, 0.147 Ohw/mm2/m; tensile strength,
36 kg/me2; elongation to rupture, 32 %K.
r Volume weight,
16, en3; specific electric resistance, 0,155 Chs/me2/m; tensile
strength, 78 kg/mm2; elongation to rupture, 2.4 %,

Speocific electric resis-
tance, 0,140 m2/m; tenaile strength, 38 kg/mm2; elongation to
l'\lp‘bur‘, 12 ’l ‘

\f

W (The sasples were taken in the
direction of rolling) specifio electric resistance, 0,175 Chm/mn/u;

tensile strength, 93 kg/mm2; elongation to xupture, 1.5 %; Erichsen
(lh”t"m dnotﬂity u.t’ 1,13 ma,
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The listing shows thet the ex.erimentelly obteined velues
corres-crds to those inuickted in litersture,

Congdigions The possibilities for producing snd utilizing perte of
tertelum enc & povder-metellurjicel process are described in deteil,
The cegree of corpacting presswe for tentalum bers of linely wivided
tantelum metel povder hes a high irfluence on the properties of the
cor.acied bers, The latter ere sintersd uncer high vecuum by dirsct
concucticn of current without presintering., Ietailed investigutions
concern the influence of sinvering temperature and dureiion on the
properties of the supersintered bars end their loas of welight and
indicete different procedurss for inareesing siaterirg temperstures,
retsurament of temperstiure anu of vacuum ag well es apectrum enalysis
of the expelled guses are im.ortent, Lxperiments of forming super=
sintered bars by flat forging, sressing end rollins topether with
roun. -{or; ing end Grewing give an epprecletion of finigheprocessing
pogsibilities., Lxperiments with tentelum waste reccvery ares partic-
wlerl; significent, The :ronerties of experimentilly obteined
nroducts ure given,

supueeryi The report descrilcs the suthor's experimente: compaction
of >ordered tentelum, sirtering, sinterirg inctallation, vecuum
messurcment, temperuture measurement, infl:once of sinrterirg tempera-
ture anc cnraticen, spectrum snelysis of exhuusi geses, increwse ¢f
ter ercture during sintering, full-scule vacuum instelletion, working
of sintered bars, «este recoviry; some propertiee cf sewd-finished
tantclum producte.
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